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Abstract 
Specific values of characteristic voltages IcRn and normal-state resistances Rn of high-Tc  Josephson junctions (JJ) are 
often required for their THz applications in detection and spectroscopy. Recently, evolution of these electrical 
parameters of [001]-tilt YBa2Cu3O7-x bicrystal JJ after low-temperature ozone annealing has been studied. Here, we 
present the effect of ozone and vacuum annealing on the IV-curves of [100]-tilt YBa2Cu3O7-x bicrystal JJ. Annealing 
temperature Ta was varied from 100qC to 225qC. It was demonstrated, that annealing in ozone-oxygen mixture and in 
vacuum has an opposite effect on JJ parameters, and the changes were reversible at Ta up to 145qC. Ozone annealing 
at Ta=100qC resulted in up to 1.5 times decrease of Rn. After annealing in vacuum at higher Ta, a transition 
temperature Tc of JJ electrodes was reduced from 90 K to 52K, and significant, multifold changes of IcRn and Rn were 
observed. Further annealing in ozone at Ta up to 225qC restored Tc and Rn almost to their initial values, but IcRn-
values couldn’t be increased above 20% of the initial value. The obtained results can be used for trimming of junction 
parameters after main fabrication procedure. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
Nowadays, high-Tc bicrystal Josephson junctions (JJ) are considered as a promising technology for 
terahertz applications. Their use at spectral analysis of electromagnetic radiation, absorption and 
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reflection of various substances and spectral characterization of electromagnetic structures at terahertz 
frequency range has been demonstrated [1], [2]. A dc I-V curve of a Josephson junction can be modified 
by external radiation or an object in close proximity of the junction and spectroscopic information about 
radiation or an object can be recovered from this modification.  
High-Tc grain-boundary JJ are based on a Josephson tunneling through a barrier, which appears 
between misoriented grains of a high-Tc superconducting material. During last decades, a great interest 
was shown to [001]-tilt high-Tc bicrystal JJ. Recently, it was demonstrated, that [100]-tilt high-Tc 
bicrystal JJ with Josephson frequencies up to 5 THz are much more perspective in terahertz electronics 
than a former type of bicrystal JJ.  
The bicrystal boundary in [100]-tilt JJ is characterized by higher structural homogeneity and lower 
meandering that gives an opportunity to make a well-defined grain boundary, consisting of a single 
crystallographic facet from each side [1]. It was found that annealing of the [100]-tilt high-Tc bicrystal 
junctions in ozone atmosphere at temperatures below 140oC reproducibly decreases deviations of their IV-
curves from those predicted by the RSJ model [3] and the deviation level of less than 0.5% might be 
reached for junction temperatures above 50 K [4], [5].  
In the current work, we present the results of our study of the influence of ozone and vacuum 
annealing conditions on main parameters of the [100]-tilt high-Tc bicrystal JJ. An opportunity of 
reversible changes of JJ parameters under successive vacuum and ozone annealing was demonstrated at 
temperatures below 145oC. 
2. Fabrication of Josephson junctions and details of the experiment 
In this study, we used the 2u11.3° [100]-tilt YBa2Cu3O7-x grain-boundary junctions. They were 
deposited on NdGaO3 bicrystal substrates by dc sputtering from an YBa2Cu3O7-x target and patterned by 
UV lithography with wet etching in a Br/ethanol solution. The junctions had a width of 4 Pm, the film 
thickness was of 0.16 Pm. As-fabricated 2u11.3° [100]-tilt junctions had characteristic voltages IcRn up to 
1.6 mV, critical current densities jc up to 3105 A/cm2 and normal-state resistances Rn=0.6 - 6 Ohm at a 
temperature of 60 K. Fabrication details are reported elsewhere [6]. 
After fabrication and initial characterization of each junction, it was subjected to several annealing 
procedures in ozone. A dissociation of an O3 molecule into an O2 molecule and atomic oxygen occurred 
at the surface of the junction, which was heated by an infrared lamp. Junctions were mounted in a glass 
chamber on a NdGaO3 substrate covered by a thick YBa2Cu3O7-x film to provide a uniform absorption of 
infrared radiation. Oxygen was introduced into a commercial glow-discharge ozone generator, which 
could create an O2–O3 mixture  with  ozone  concentration  of  7  %.  After  that,  the  O2–O3 mixture  was  
transferred through the annealing chamber at pressure somewhat above 1 bar. 
Obviously, as-fabricated junctions are depleted by oxygen, and oxygen concentration in grain 
boundaries depends on details of fabrication process. To prepare an initial stable state of oxygen 
subsystem in the grain boundary, the junctions, after long-time (few months) annealing in air at room 
temperature, were annealed in ozone for 125 min., until modifications of characteristics of JJ stopped.  
An annealing temperature Ta=100oC was chosen for initial annealing as a minimal temperature, which 
provided only a modification of a bicrystal boundary and kept a bulk material unperturbed. Then JJ was 
subjected to several successive annealing procedures in vacuum and O2-O3 mixture [7] at increased 
temperatures from 100o C to 225o C. A duration time of annealing procedures was varied from 10 to 120 
minutes. The junctions were kept in liquid nitrogen between procedures to avoid possible room-
temperature annealing. 
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Fig 1. Normal-state resistance Rn and characteristic voltage IcRn of an YBa2Cu3O7-x bicrystal junction vs. annealing time after 
annealing in vacuum (squares) and ozone (circles). 
 
After each annealing procedure, a substrate, with junctions on it, was mounted on a cryogenic dipstick 
and placed into a liquid-helium dewar. IV-curves and voltage dependencies of differential resistances 
Rd(V) were measured at the temperatures T in the range from 5 to 90 K. To reduce an impact of 1/f noise, 
measurements of Rd(V) were performed at a frequency of around 300 KHz using a resonant transformer 
and an amplifier with an input noise of 0.5 nV/Hz1/2. To avoid a contribution of hysteresis at low 
voltages and flux flow, characteristics of JJ were measured at T=60 K. In addition, a temperature 
dependence of a junction resistance R(T) was measured to obtain a critical temperature Tc of a bulk 
material. 
3. Results and discussion 
3.1. Reversible modification of junction parameters 
Modifications of a normal-state resistance Rn and a characteristic voltage IcRn of the junction during 
annealing in ozone atmosphere and vacuum at various temperatures are presented in Fig 1. Reversible and 
irreversible modifications of junction parameters were observed, depending on annealing temperature. At 
first, vacuum annealing was performed at Ta=110qC by two steps for 10 min each. This procedure has 
resulted in increasing of Rn from 0.48 to 0.62 Ohm. Next annealing in ozone was carried out during 20 
minutes and Rn returned to 0.44 Ohm, which is slightly less, then initial value.  
IV- and Rd(V)-curves after various annealing steps are shown in Fig 2. To investigate dynamics of 
variation of junction parameters, this annealing cycle was repeated with short annealing time intervals, 
keeping annealing temperature at 110oC. After vacuum annealing for 15 minutes with a 3 minute step, the 
Rn-value was increased up to 0.68 Ohm and the most intensive variation of Rn was observed at a 
annealing time from 3 to 9 min. Further annealing in ozone for 260 minutes (from 56 min. to 316 min. at 
the time axis in Fig 1) was resulted in a decrease of Rn down to 0.49 Ohm, and a characteristic time of Rn 
modification can be estimated as 40 min. Next annealing steps in ozone ( 224 min. at Ta=120qC and 30 
min. at T=145qC) have only a minor effect on JJ, namely, a decrease of Rn by less then 1%. These data 
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indicate, that Rn can be reversibly modified by about 50%, using vacuum and ozone annealing at 
temperature below 145qC.  
3.2. Irreversible modification of junction parameters 
Further vacuum annealing at the Ta =145qC for 10 min. (from 610 min. to 620 min. at the time axis in  
Fig 1) had a dramatic effect on IV- and Rd(V) curves (Fig 3): a two-fold decrease of Rn,  at  least  a  25% 
increase of the critical current, and an evident contribution of flux flow into characteristics of JJ (Fig 3). 
 A critical temperature of junction electrodes Tc=90.3  K  did  not  changed,  but  a  width  of  the  R(T) 
transition region was increased from 0.2 to 0.5 K. Next ozone annealing for 10 min. at the same 
temperature had no effect. Following annealing in vacuum at Ta =160qC for 10 min. has resulted in a 
remarkable reduction of the critical temperature of junction electrodes from 90.3 down to 52 K. The 
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Fig. 2. IV-curves (a) and Rd(V) dependencies (b) of JJ after vacuum annealing for 20 min. at Ta =110qC (1) after further ozone 
annealing for 20 min. at Ta =100 qC (2) and an initial IV-curve (3). 
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Fig. 3. IV-curve (a) and Rd(V) characteristics (b) of a Josephson junction after subsequent steps of annealing at T=145qC in ozone at 
540 min. time point (1), 610 min. time point (2) and in vacuum at 640 min. time point. 
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transition region of R(T) was broadened of up to 8 K (Fig 4), which indicates heterogeneity in junction 
electrodes. After further annealing in ozone at the temperature up to 225qC, the critical temperature Tc 
was increased up to 87K, but the width of the transition region in R(T) remained wide enough. 
3.3.  Analysis and discussion 
It is well-known, that oxygen concentration in a grain boundary and adjacent regions of a bulk material 
defines electric properties of grain-boundary junctions. Oxygen concentration in the grain boundary is 
determined by a dynamic balance between four main processes: absorption/emission of oxygen atoms 
from/to environment and diffusion of oxygen atoms from/to a bulk material. A temperature dependence 
of normalized resistivity after vacuum annealing at Ta =145qC (1), followed by vacuum annealing at Ta 
=160qC (2) and  further ozone annealing at temperatures up to 225qC (3) are presented in Fig 4. 
At rather low annealing temperature, oxygen diffusion coefficients are small because of their 
activation nature and the first two processes prevail. In this case vacuum and ozone annealings provide 
reversible depletion or enrichment of the grain boundary by oxygen and reversible modification of 
junction parameters is observed. 
At high annealing temperatures, oxygen diffusion dominates. In particular, new normal metal or 
superconducting links can appear, especially if the grain boundary is not perfectly uniform. Appearance 
of new links can explain a significant and irreversible decrease of Rn and increase of Josephson critical 
current at vacuum annealing at 145qC.  At  the  same  time,  losses  of  oxygen  at  thin-film  electrodes  of  JJ  
provide a decrease of the critical temperatue Tc.  
4. Conclusion 
In this paper a variation of [100]-tilt bicrystal YBa2Cu3O7-x JJ characteristics under annealing in ozone 
and vacuum was investigated. Reversible modification of junction parameters was observed at 
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Fig. 4. A temperature dependence of normalized resistivity after vacuum annealing at Ta =145qC (1), followed by vacuum annealing 
at Ta =160qC (2) and  further ozone annealing at temperatures up to 225qC (3). 
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annealing temperature under 145qC. Particularly, a continuous reversible increase or decrease of the 
normal state resistance up to 50% can be achieved by variation of annealing time. At higher temperatures 
and vacuum annealing, irreversible changes of electrical characteristics of the grain boundary and 
superconducting electrodes were observed. The critical temperature decreased from 90.3 to 52 K. A broad 
transition area in R(T)-curve indicated a structural heterogeneity of the superconducting film, induced by 
oxygen extinction. The data obtained can be used for trimming of fabricated grain-boundary Josephson 
junctions for application in SQUIDs, terahertz detectors and spectrometers. They also may find an 
application in technology of high-current high-Tc superconducting tapes. 
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